The Drosophila transglutaminase gene (CG7356) encodes two transglutaminases, dTG-A and dTG-B. To understand the roles of dTG-B during the development of the fly, we examined phenotypes induced through ectopic expression of dTG-B. Overexpression of dTG-B induced rough eye and extra wing crossvein phenotypes. These phenotypes were similar to those observed in the case of targeted overexpression of dTG-A.
Transglutaminase (TG; EC 2.3.2.13) is a proteinmodifying enzyme that catalyzes, through the amide bond formation, cross-linking between glutamine and lysine residues, and amine incorporation into glutamine residue. TGs are widely distributed in animal tissues and fluids and are involved in various biological processes, including blood clotting, terminal differentiation of epidermal keratinocytes, wound healing, cell signaling, and apoptosis. [1] [2] [3] [4] Drosophila has a single TG gene (CG7356) encoding two TGs, dTG-A and dTG-B. The mRNAs of both dTGs-A and -B appear to be expressed constitutively throughout the development of the fly. 5) To date, the differences in roles between dTGs-A and -B have not been studied. A proteomic analysis of Drosophila larval hemolymph clots showed the presence of TG substrate proteins and TG activity in the larval hemolymph, 6) and TG was found to act in hemolymph coagulation in Drosophila. 7) Ikle et al. reported that Drosophila TG (dTG) is controlled by myocyte enhancer factor-2 in the cardiac musculature.
8) TG-dependent protein cross-linking in Drosophila appears to play key roles in cuticle morphogenesis and sclerotization. 9) Recently, utilizing a GAL4-UAS targeted expression system, we found that overexpression of dTG-A in the eye imaginal disc of Drosophila larvae caused a rough eye phenotype in adult compound eyes, and that the induced phenotype was probably due to the occurrence of apoptosis and enhancement of the JNK signaling pathway. 5) Furthermore, targeted overexpression of dTG-A in the wing imaginal disc of Drosophila larva induced the extra wing crossvein phenotype in adult wings and this phenotype appeared to be related to enhancement of the Egfr signaling pathway. 10) In this study, to determine whether dTGs-A and -B work differently from each other during the development of Drosophila, we examined the phenotypes induced by targeted overexpression of dTG-B.
Fly stocks were cultured under conditions described previously.
5) The GAL4 driver line carrying GMR-GAL4 on the X chromosome was described previously, 11) and the driver line carrying engrailed-GAL4 (en-GAL4) on the second chromosome was kindly provided by Dr. N. Dyson (MGH Cancer Center, Boston, MA). All other stocks used in this study were obtained from the Kyoto Drosophila Genetic Resource Center (Kyoto, Japan) or the Bloomington Drosophila Stock Center (Bloomington, IN). Double-stranded cDNA encoding dTG-B was PCR amplified from total RNA extracted from yellow white line flies using sense and anti-sense primers designed to include restriction sites of Kpn I and Xba I respectively. The cDNA was ligated to Kpn I/Xba I sites of the pUAST plasmid 12) to create the P-element vector of pUAST-dTG-B. Transgenic flies carrying the UASdTG-B were established through P-element-mediated germ line transformation 13) using the pUAST-dTG-B vector followed by selection of the F1 progenies of transformants on the basis of white-eye color rescue. 14) Scanning electron microscopy was performed as described previously. 5) We utilized the GAL4-UAS targeted expression system 12) to achieve ectopic overexpression of dTG-B during Drosophila development. Five independent transgenic fly strains carrying UAS-dTG-B on the second (II) or the third (III) chromosome were established: strains B1 (III), B26 (II), B28 (II), B33 (II), and B39 (III). Since similar results were obtained with these independent strains in the targeted expression experiments, here we describe the results obtained for strain B39. This strain was crossed with 11 GAL4 driver lines expressing GAL4 at various developmental stages in various tissues (Table 1) . Strain 61 carrying UAS-dTG-A on the third chromosome 5) was also crossed with some of the GAL4 driver lines. Crossings of strain B39 with the GMR-GAL4 line, which expresses GAL4 mainly in the region y To whom correspondence should be addressed. Fax: +81-75-724-7535; E-mail: ikura@kit.ac.jp Abbreviations: TG, transglutaminase; dTG, Drosophila transglutaminase posterior to the morphogenic furrow in the eye imaginal disc, and with the en-GAL4 line, which expresses GAL4 mainly in the posterior compartment of the wing imaginal disc, caused a rough eye phenotype in the compound eyes and an extra wing crossvein phenotype in the wings, respectively, in a manner similar to the case of strain 61 (Table 1 and Fig. 1) . 5, 10) For both strains B39 and 61, the dpp-GAL4 driver line, which expresses GAL4 mainly in the border between the anterior and the posterior compartment of the wing imaginal disc, caused an extra wing crossvein phenotype in and around the border (Table 1 and Fig. 1 ). Two driver lines of ptc-GAL4, which also expresses GAL4 mainly in the border between the anterior and the posterior compartment of the wing imaginal disc, and of C179-GAL4, which expresses GAL4 mainly in the wing pouch of the wing imaginal disc, resulted in an extrawing crossvein phenotype in crossing with strain 61, but not in crossing with strain B39 (Table 1 and Fig. 1 ). The other tested GAL4 driver lines (ey, Dll, MS1096, Pnr, Cg, and 69B) caused no apparent morphological changes in the progeny of crossing with strain B39 (Table 1) , as in the case of strain 61. 5) These results indicate that most of GAL4 driver lines tested caused similar phenotypes in 
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Eye disc ND ND crossing of them with fly strains carrying UAS-dTG-A (strain 61) and UAS-dTG-B (strain B39).
The findings obtained in this study suggest that dTGs-A and -B work similarly in the processes of eye and wing crossvein formation during fly development. In previous papers, 5, 10) we reported that overexpression of dTG-A in the eye and wing imaginal discs appeared to cause enhancement of the JNK and Egfr signaling pathways respectively. Likewise, dTG-B may be involved in the regulation of these signaling pathways during fly development. The results of crossings with two GAL4 driver lines of ptc and C179 were different as between strains 61 and B39. It is not known whether this is due to a difference between the functions of dTGs-A and -B or to poor expression of dTG-B in these crossings with strain B39. Structural differences between dTGs-A and -B are found only in the N-terminal amino acid sequences deduced from the mRNA sequences. It may be informative in the attempt to understand the roles of dTGs-A and -B to examine the properties of these dTGs, including catalytic activity, substrate specificity, stability, and localization in the fly. Knockout experiments and identification of substrate molecules of dTGs may also be helpful to determine more clearly the physiological functions of dTGs-A and -B. The findings described here and in our previous reports 5, 10) suggest that both dTGs-A and -B are probably involved in the regulatory processes of compound eye and wing crossvein formation.
